1.7 . THI N FI LM MAGNETI C HEAD P TECHNI CAL
" FI ELD The present invention relates to a thin filnmmagnetic head
enpl oyed in a nagnetic recording reproduction apparatus such as a nagnetic
di sk drive. BAGKGROUND ART Athin film

magneti c head that is mainly enployed in a nagnetic disk device

constituting a conputer storage apparatus mnust be able to support a high

recordi ng density. One effectd S Foyd a high recording
density is to increase tracrms[?%m BéRQ%gﬁg I%ﬂg[r/lgbachi eving this,

Japanese Unexam ned Patent Publication (KOKAI) No. 296907/1991,

for

i nstance, discloses a technol ogy through which the recording track wdth
head is set at an

or the reproduction track w dth of ?Ebﬁmdei NfiRgpet iC

extrenely small value with a high degree o

precision by cutting the width
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beam However ,

above are provi

gr ooves drsclosed 1 n the pupl i1 cati on Ci

tedaeinpisiae wald muphaGesrddabifX tRptodifAsh apparatus

such as a magnetic disk drive.

BACKGROUND ART -

A thin film magnetic head that is mainly .(;mployed in
a magnetic disk device constituting a computer storage apparatus
must be able to support a high recording density. One effective
means for supporting a high recording density is to increase
track density. As a means for achieving this, Japanese
Unexamined Patent Publication (KOKAI) No. 29690771991, for
instance, discloses a technology through which the recording track
width or the reproduction track width of a thin film magnetic
head is set at an extremely small value with a high degree of
precision by cutting the width of the pole tip in the direction
of the tracks by using a focussed ion beam.

However, the grooves disclosed in the publication cited
above are provided with side wall surfaces that extend almost
vertically. One of the problems with grooves structured in this
manner is that during magnetic recording,reproduction operation,
dust collects within the grooves, causing the electromagnetic
conversion characteristics of the thin film magnetic head to
become unstable or, in the worst case, causing a head crash. The

dust collected in the grooves includes particles of the protective



vertically. One of the problens with grooves structured in this manner is
~that during magnetic recording/reproduction operation, dust collects

wi thin the grooves, causing the el ectronagnetic conversion characteristics
of the thin film magnetic head to becspne unstable or, in the worst case,
causing a head crash. The dust collected in the grooves includes particles
of the protective 2 filmadhered to the
magneti c recordig [,um and, th

med subst ances constj tuting,.the sur acg of
the thin film et adtcf aghﬁg I&BE&QﬁPe "Eeﬁ’er‘&’é@_ uRSHYm o 20d ethgsed
part1 6l s from tPsyenees conttitugiri it urtFes " Soithen ghEh o By RAE0FE ot cd
i ned Pat ent Publ.i catj KOKAL) _ No. 96907/, 1991
i scl 0565 a moarthrBaUTE Rer tots SpHEPortAl ot elberite li WD d
h b ' £.h AR .th an ropriate.material . an
; ﬁegagorﬁfouéh%?@gtlgn%ggéﬁ&\ﬁg{&g E$§u&§63d8ﬁ65§858r atshewﬁ}loo?l%s dl%ﬁt

whi ch no dust c , in the fornmer nmeans, the filler
mat eri al itselfaérha@gléﬁgg%na%\g\ég% for dust formation. In addition, since

the grooves As measures for solving such dust — related problems,
Japanese Unexamined Patent Publication (KOKAI) No. 296907,/
1991 discloses a means through which dust is prevented from
collecting within the grooves by having the groovee: filled with
an appropriate material, and a means through which an open
structure is adopted for the grooves in which no dust can collect.
However, in the former means, the filler material itself may
; Eecome a cause for dust formation. In addition, since the grooves
must be filled with the appropriate material, the number of
manufacturing steps increases.

In the case of the latter means, the length of time
required for machining the grooves will increase, reducing
productivity. In other words, since machining with a high degree
of precision is required, focussed ion beams will normally be
employed. While machining, employing a focussed ion beam, the
cutting rate is low. A great deal of time is required when
performing machining to. form grooves by cutting the slider
surface, which has a high degree of resistance against wear and
abrasion, with a focussed ion beam. In the case of grooves with
an open structure, the machining quantity increases and, as a
result, the length of machining time required for forming the

grooves also increases, thus lowering productivity.



must be filled with the appropriate material, the nunber of nmanufacturing
* steps increases. In the case of the latter neans, the | ength of
time required for machining the grooves will increase, reducing
productivity. In other words, since nmaghining with a high degree of
precision is required, focussed ion beans will nornmally be enployed. Wile
machi ni ng, enploying a focussed ion beam the cutting rate is |ow. A great
deal of tine is required whe rf 1N L Nj r.m grooves by
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It is a further object of the present invention to provide

a thin film magnetic head in which the grooves, which essentially
define the track width, are constituted to have a shape that will
not allow any dust to accumulate. B

It is a still further object of the present invention to
provide a thin film magnetic head with which the grooves
described above can be formed within a short length of
machining time.

In order to achieve the objects described above, the thin
film magnetic head according to the present invention includes
a slider and at least one inductive thin film magnetic conversion
element. The slider is provided with an air — bearing surface
toward the side facing opposite the medium. The inductive thin
film magnetic conversion element, which is provided on the slider,
is provided with pole tips that emerge at the air bearing surface.
The width of a pole tip in the direction of the tracks, which
is perpendicular to the direction of the movement of the medium,
is essentially defined by the grooves formed at the air bearing
surface. The grooves gradually become shallower along the
direction of the movement of the medium until the bottom
surfaces of the grooves reach the level of the air bearing surface.

The inductive thin film magnetic conversion element,



It-is a further object of the present invention to provide a thin film

- magnetic head in which the grooves, which essentially define the track
width, are constituted to have a shape that will not allow any dust to
accunul at e. It is a still further object of the present invention
to provide a thin filmmagnetic head with which the grooves described
above can be formed within a short |length of machining tine. I n
order to achieve_ the objects_described above, the thin filmmgnetic head
according to t hehiftesienorowidas ih theisligss, hasspplfertipmdthat emengeosd
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el enent, with a focussed ion beam. Consequently, the recording track width
or the reproduction track width of the thin film magnetic head
can be set at an extremely small value with a high degree of
precision.

The grooves reach the air bearing surface while gradually
becoming shallower along the direction of the movement of the
medium. In combination with a magnetic recording medium
(magnetic disk), the direction in which the grooves become
gradually shallower in this manner matches the direction of air
outflow. As a result, even if there is dust present within a
groove, when a magnetic disk operates in combination with the
grooves, the dust is caused to flow smoothly in the direction in
which the grooves becomes gradually shallower along the
direction of the movement of the medium, which matches the
direction of the air outflow, so that the dust is guided to the
air bearing surface and discharged to the outside. Thus, no dust
is retained within the grooves.

Accdrding to the present invention, the grooves are
shaped so that they becomeé gradually shallower along the

direction of the movement of the medium until their bottom

surfaces reach the level of the air bearing surface, resulting in



4 * which is provided on the slider, has pole tips that energe at the air
bearing surface, and the width of the pole tip in the direction of the
tracks perpendicular to the direction of the novenent of the nmediumis
essentially defined by the grooves fognmed at the air bearing surface. The
grooves are fornmed by cutting the width of a pole tip in the direction of
the tracks wth a focussed i on beam Consequently, the recording track
width or the reproduction track width of the thin fi]l]mmagneti¢c head can
be set at an ex@rzesdicpdsauerall arQlumg thak Mpgh e ghtcinpfthe pmachining of
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time. As for the modes to be employed for the grooves, a number
of variations are possible within the range over_ which the
requirements given above are satisfied.

According to the present invention, the thin film magnetic
conversion elements where the grooves are provided are inductive
thin film magnetic conversion elements. These inductive thin film
magnetic conversion elements may be employed for both the
write and read processes of magnetic recording. Or, an inductive
thin film magnetic conversion element may be employed
exclusively for write and a thin film magnetic conversion element
employing the magnetoresistance effect may be provided
separately for read. The inductive thin film magnetic conversion
element may be constituted of one that is selected from various
types of inductive thin film magnetic conversion elements that
have been disclosed previously or that will be disclosed in the
future. The thin film magnetic conversion element that employs
the magnetoresistanc.:-e effect may be constituted of one selected
from various types of thin film magnetic conversion elements
that have been disclosed previously or that will be disclosed in
the future, such as one that employs a magnetic anisotropic

magnetoresistive film such as Permalloy®, one that utilizes the



air bearing surface and discharged to the outside. Thus, no dust is
“retained within the grooves. According to the present invention

the grooves are shaped so that they becone gradually shall ower along the
direction of the novenment of the nediumuntil their bottom surfaces reach
the Il evel of the air bearing surface, resulting in a reduced
overall volune that nust be cut in the machining of the grooves. Thus, the
depth of the grooves relative to the bea;ing surface becones small.
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above are sati st . Accqr di ng. pr ,
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i nductive thin filmmagnetic conversion el enents. These inductive thin

film magnetic conversion elenments may be enpl oyed for both the

BRIEF DESCRIPTION OF THE DRAWINGS

More specific features and advantages of the present
invention are explained in further detail in reference to the
drawings, wherein :

FIG. 1 is a perspective of the thin film magnetic head
according to the present invention ;

FiG. 2 is a perspective showing an enlargement of a
portion cf the thin film magnetic head shown in FIG. 1 ;

FIG. 3 is an enlarged perspective of a thin film magnetic
conversion element portion in FIG. 2 ;

FIG. 4 is an enlarged cross section of the thin film
magnetic head shown in FIG. 1 ;

FIG. 5 is an enlarged perspective of a thin film magnetic
conversion element portion in another embodiment of the thin
film magnetic head according to the present invention :

FIG. 6 is an enlarged perspective of a thin film magnetic
conversion element portion in another embodiment of the thin
film magnetic head according to the present invention ;

FIG. 7 is an enlarged perspective of a thin film magnetic
conversion element in another embodiment of the thin film
magnetic head according to the present invention ;

FIG. 8 is an enlarged perspective of a thin film magnetic



wite and read processes of magnetic recording. O, an inductive thin film
magneti c conversion el enent may be enployed exclusively for wite and a
thin filmnmagnetic conversion el ement enploying the magnetoresi stance
effect may be provided separately forread. The inductive thin film
magneti c conversion element may be constituted of one that is sel ected
fromvarious types of inductive thin filmmagnetic conversion el enents

that have been discl gosed previously, or .that will be di.sclqgsed in the
FUture. The th SORTRaRGABIIAAG Srtion 3h Bhethisr cArbidiBfhmioft theetiin
magnet or esi stanﬁﬁ: ef fect may, be.consti.tuted ﬂjgone selected ..fromvarious
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with rails. portion of a thin film magnetic head in the prior art.

BEST MODE FOR CARRYING OUT THE INVENTION

In reference to FIG. 1, the thin film mé—gnetic head
according to the present invention includes a slider 1, inductive
thin film magnetic conversion elements 2 and thin film magnetic
conversion elements 3 which utilize the magnetoresistance effect
(hereafter referred to as MR thin film conversion elements). The
slider 1 is provided with rail portions 11 and 12 toward the
surface that faces opposite the medium, with the surfaces of the
rail portions 11 and 12 constituting air bearing surfaces 13 and
14. The number of rail portions 11 and 12 is not limited to two.
The slider 1 may be provided with 1 to 3 rail portions or may
be a flat surface having no rail portion. In addition, various
geometric contours may be achieved at the surface facing
opposite the medium in order to improve the flying
characteristics and the like. The present invention may be
adopted in any one of these types of sliders.

The thin film magnetic conversion elements 2 and 3 are
provided toward the end of one of or both of the rail portions
11 and 12 in the direction (al) of the movement of the medium.

The direction (al) matches the direction in which the air



BRI'EF DESCRI PTI ON OF THE DRAW NGS More specific features and
advant ages of the present invention are explained in further detail in
reference to the draw ngs, wherein: FIG 1 is a perspective of the
thin filmnmagnetic head according to tshe present invention; FIG 2
Is a perspective showi ng an enl argenent of a portion of the thin film
magnetic head shown in FIG 1; FIG 3 is an enI arged perspective of
athin filmnmagnetic conver | on el ement hpﬁortlir#on i n
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magneti c conveegﬁg s%ﬁ ré%%éﬁsa@otapg ?nveﬁgamant of the thin film

magneti ¢ head accor ing to resen ention FIG 8 is an
enl arged perspective qf, ?‘efépeﬁce PRI i inductive thin film magnetic

conversion elements 2 are each provided with a lower pole tip

Pl and an upper pole tip P2 that emerge at the air bearing
surfaces 13 and 14. The width WO in the direction”— (bl) of the
tracks which is perpendicular to the direction (al) of the lower
pole tip P1 and the upper pole tip P2 is essentially defined by
the grooves 4 and 5 provided at the air bearing surfaces 13 and
14. The grooves 4 and 5 gradually become shallower along the
direction (al) until their bottom surfaces reach the level of the
air bearing surfaces 13 and 14. The lower pole tip Pl and the
upper pole tip P2 face opposite each other across a gap film 24.

In reference to FIG. 3, the grooves 4 and 5 are provided
at the two sides in the direction (bl), delimiting the lower pole
tip Pl and the upper pole tip P2. In addition, the grooves 4 and
5 each include four surfaces. In the groove 4, a first surface 41
is an inclined surface which becomes gradually shallower along
the direction (al), with its maximum depth relative to the air
bearing surfaces 13 and 14 at hl. A second surface 42 and a
third surface 43 each rise up from either side of the first surface
41, which has a width W1, and these surfaces extend along the
direction (al) to a length L1. A fourth surface 44 rises up from

the rear end of the first surface 41, with its maximum depth



7 conversion elenent portion in another enbodinent of the thin film

" magneti ¢ head according to the present invention; ~FG 9 .
illustrates a method for machining the thin film nagnetic head according
to the present invention; and MG 10 is a perspective show ng an
enl argement of a portion of a thin filmmagnetic head in the prior art.
BEST MODE FOR CARRYI NG OUT THE IN\/EI\FI'I ON In reference to FI|G 1,
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opposite the nRditYyMnd ouMileSurfale A4MhCYRIs Efodilntn?Y%re constituted

as flat surfaces, they may be constituted as convex or concave
surfaces with large or small curvatures.

In the groove 5, a first surface 51 is an inelined surface
whereby the maximum depth h2 relative to the air bearing
surfaces 13 and 14 becomes gradually shallower along the
direction (al). A second surface 52 and a third surface 53 each
rise up from either side of the first surface 51, which has a width
W2, and these surfaces extend along the direction (al) to a
length L2. A fourth surface 54 rises up from the rear end of
the first surface 51, with its maximum depth at h2. The fourth
surface 54 is formed at a distance L21 beyond the gap film 24.
Behind the fourth surface 54, the lower pole tip Pl is allowed
to have a thickness L22. The dimensions L21 and 122 are set
by taking into consideration the electromagnetic conversion
characteristics and the like. While the first surface 51 to the
fourth surface 54 in this embodiment are constituted as flat
surfaces, they may be constituted as convex or concave surfaces
with large or small curvatures. While the groove 5 is identical
to the groove 4 in shape in this embodiment, they may have
different shapes. In addition, either one of the grooves 4 and 5

may be omitted.



characteristics and the like. The present invention nmay be adopted in any
one of these types of sliders. The thin fil mnmagnetic conversion
elenents 2 and 3 are provided toward the end of one of or both of the rail
portions 11 and 12 in the direction (g 1) of the novenent of the medium
The direction (al) matches the direction in which the air

8 acconpanyi ng the nediumwhen it noves at high speed, flows out. At the
end surface of the slider 1 in the direction_(al), bunps 27 and 28
connected to the thin#AsS | explaiped i 2beemyviiesithin @ll%éﬁﬁgthlﬁnGOBMﬁﬁ%OBB and

34 connected to the MR thin fi]lm conversion_ el enents re provided.
In reference toclements 2Z.hwhighy@rey Pasifianed | F?Pnéa}‘i’et"reilffércoﬁvé‘trgl Gach
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(al) until theif b(ﬁ ! Od}]rec%gr? Ce(%l)eacﬁlcthheisl Seﬁl)enc{muﬁr to the direction
(al), is essentially defined by the grooves 4 and 5 formed at
the air bearing surfaces 13 and 14. The grooves 4_ and 5 are
formed by cutting (to be detailed later) the width WO in the
direction (bl) of the lower pole tip P1 and the upper pole tip
P2 with a focussed ion beam. As a result, the recording track
width or reproduction track width WO of the thin film magnetic
head can be set at an extremely small value with high precision.
The grooves 4 and 5 gradually become shallower along
the direction (al) wuntil their bottom surfaces reach the level
of the air bearing surfaces 13 and 14. When the grooves 4 and
5 thus shaped are combined with a magnetic recording medium
(magnetic disk), the direction in which they become gradually
shallower matches the direction (al), i.e., the direction of the
air outflow. Consequently, even when dust is present inside the
grooves 4 and 5, in combination with the magnetic disk, the dust
is allowed to flow smoothly in the direction in which the grooves
become gradually shallower along the direction of air outflow
(the direction of the movement of the medium) (al) to be
guided to the air bearing surfaces 13 or 14 and finally to be
discharged to the outside. Thus, no dust collects inside the

grooves 4 and 5. The maximum depths hl and h2, the widths



ait bearing surfaces 13 and 14. The |ower pole tip P1 and the upper pole
tip P2 face opposite each other across a gap film 24. In reference
to FIG 3, the grooves 4 and 5 are provided at the two sides in the
direction (bl), delimting the lower poale tip Pl and the upper pole tip
P2. In addition, the grooves 4 and 5 each include four surfaces. In the
groove 4, a first surface 41 1is an inclined surface which becones
gradual 'y shall r alo the directiogn 1), with its naxi num depth
relative to theV range r@%&bﬁai@ﬁ@@ irﬁd afﬁlwé-tz 19f. the sgroawess dr eRde 42
and a third supface 43 _each rise up fromeither side of the fjrst surface
21 ahi ch has aBvrdBRBVEeERinen Eat AP aeLAnGIRRan apE et st (rdatton
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at hl. The fourth zlurface é14 s forred at a distance L11 beyond the gap
film24. Behi ndARFEHE 1uSh f8caHEVedhe | ower pole tip Pl is allowed to
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consti tuted
the direction (al) until their bottom surfaces reach the level of

the air bearing surfaces 13 and 14, the entire volume that must
be cut in the groove machining process is reduced. Because of
this, even when the grooves 4 and 5 are to be formed with a
focussed ion beam, which offers only a small cutting quantity
per unit time, the grooves 4 and 5 can be formed within a short
length of machining time and with great precision.

In reference to FIG. 4, the inductive thin film magnetic
conversion element 2 is a write element whereas the MR thin
film conversion element 3 is a read element.

The inductive thin film magnetic conversion element 2,
which constitutes the write element, is provided with a lower
magnetic film 21 that also functions as an upper shield film for
the MR thin film conversion element 3, an upper magnetic film
22, a coil film 23, the gap film 24 constituted of alumina. or the
like, an insulating film 25 constituted of an organic resin such
as Novolak® and a protective film 26 constituted of alumina or
the like. The front end portions of the lower magnetic film 21
and the upper magnetic film 22 constitute the lower pole tip Pl
and the upper pole tip P2 which face opposite each other across

the gap film 24 with a very small thickness, and a write is



as flat surfaces, they may be constituted as convex or concave surfaces

- wth large or small curvatures. In the groove 5, a first surface
51 is an inclined surface whereby the maxi num depth h2 relative to the air
bearing surfaces 13 and 14 becones graglually shall ower al ong the
direction (al). A second surface 52 and a third surface 53 each rise up
fromeither side of the first surface 51, which has a wwdth W2, and these
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may be omtted.
around the linking area of the yolked portions in a coil, on the

insulating film 25. The two ends of the coil film 23 are
electrically continuous to the bumps 27 and 28 (see FIG. 1). The
number of coils and the number of layers of the coil film 23
are arbitrary.

Various film structures have been disclosed and put into
practical use that may constitute the MR conversion elements
3. They include, for instance, a structure that employs an
anisotropic magnetoresistive element constituted of Permalloy®
or the like and a structure that employs a giant magnetoresistive
(GMR) film. Any one of these structures may be adopted in the
present invention. The MR thin film conversion element 3 is
positioned inside an insulating film 32 between the lower shield
film 31 and the lower magnetic film 21, which also functions as
the upper shield film. The insulating film 32 may be constituted
of alumina or the like. The MR thin film conversion element 3
is connected to bumps 33 and 34 (see FIG. 1). Unlike this
embodiment, only the inductive thin film magnetic conversion
element 2 may be provided, to be employed as a read , write

element.

In the embodiment, the width W0 of both the lower pole



10 As expl ained above, the thin filmnmagnetic conversion elenents
"2, which are positioned on the slider 1, are each provided with the |ower
pole tip Pl and the upper pole tip P2, which energe at the air bearing
surfaces 13 and 14, and the width WO o the |ower pole tip Pl and the
upper pole tip P2 in the direction (bl), which is perpendicular to the
direction (al), is essentially defined by the grooves 4 and 5 forned at

th ir b i 3,,and _14. The grooves 4 and 5 are . forned by
cUtting (to be debaPlecid B5S HREER BRI EP| A He e SRTRsio bl obhX tehe

rosal 1 the recoPaPngalya il Bvo thee srORut  nBpfack MHTRANTDY-the
e o "l R 8 A B BB I
bear i ng-sur  aced s nbiths e, AOMEE ARV ¥2 2R ol Fau®t plectip 2.7
- uhi oh they bty adhs FoveERRRROME" Pir SR et (hyy The 70
the direction of%}rgtg% sahra.ﬁl,it £l %Oymcé)@n:%?)g)ﬁgal y, even when dust is present

I nside the groo and In"C Wth the nmagnetic disk, the
dust The grooves 4 and 5 partially cut into the lower magnetic

film 21 in the direction of its thickness which is taken in the
direction (al), and also cut into the upper magnetig film 22 in
the direction of its thickness over its entire range.

In reference to FIG. 5, in which the same reference
numbers are assigned to components that are identical to those
in FIGS. 1 to 4, grooves 4 and 5 each include three surfaces.
A first surface 41 of the groove 4 is an inclined surface that
becomes gradually shallower along the direction (al) and in the
direction (bl) from the maximum depth hl relative to the air
bearing surface 13. A second surface 42, which rises up from one
of the lateral sides of the first surface 41, extends along the
direction (al). A third surface 43 rises up from the rear end
of the first surface 41 with its maximum depth at hl. With this,
the groove 4 with a width W1, a length L1 and a maximum
depth hl is achieved.

The first surface 51 of the groove 5 is an inclined surface
with its depth h2 relative to the air bearing surface 14 becoming
gradually smaller along the direction (al) and in the direction
(bl). A second surface 52, which rises up from one of the lateral

sides of the first surface 51, extends along the direction (al).



is allowed to flow smoothly in the direction in which the grooves becone
gradual |y shall ower along the direction of air outflow (the direction of

t he novenent of the nmedium) (al) to be guided to the air bearing surfaces
13 or 14 and finally to be dischargedisto the outside. Thus, no dust
collects inside the grooves 4 and 5. The maxi nrum depths hl and h2, the

w dt hs W and W2 and the lengths L1 and L2 of the grooves 4 and
5, which determ ne the angle of inclination of the fi o% urg?ces 41 and
51, are sel ectef Birdnsuriage |5$bﬂ$$§t‘i116rfr?‘l’i‘aF @sreg{“qnéij o&‘ st ﬁHFBarCﬁg
dust is achieve ording t prese nti.on,

grooves 4 and IaV@tghgﬁédtg V?ﬁ% &uﬁﬂa%hbgégﬁklgﬂgﬁﬁ raQ ong

the direction (al) until t elhéb}g%toms rfa s reach the level of the air
bearing surface8 HHJ@4 ep t’rsrélc that nust be cut in the

O oves 4 and 5 are { ambd ordrelie, 191G HBLRS, FHBRTLATE GHFENY Efft@rs
I |l h
Forod w thi n a-@ReProE it aPSisRieah ot eS8 B WA g ol Sypukfiliecn

and shape of the grooves 4 and 5 are identical to those employed

in the embodiment shown in FIG. 5. Of the lower magnetic film
21 and the upper magnetic film 22, the upper magnetic film 22
is provided with a first magnetic layer 221 that comés in contact
with the gap film 24 at the pole tip P2, and a second magnetic
layer 222 that is laminated onto the first magnetic layer 221.
By employing this structure, a required improvement in
characteristics can be achieved through : differentiating the
material characteristics of the first magnetic layer from the
material characteristics of the second magnetic. layer.

For instance, the saturation magnetization of the first
magnetic layer 221 may be selected at a value that is greater
than the saturation magnetization of the second magnetic layer
222. By doing this, the high frequency recording characteristics
can be improved. As another means for improving the high
frequency recording characteristics, setting the specific resistance
of the first magnetic__ layer 221 greater than the specific resistance
of the second magnetic layer 222 also proves effective.

It is also effective to ensure that the level of resistance
against wear and abrasion of the first magnetic layer 221 is
higher than the resistance against wear and abrasion of the

second magnetic layer 222. In this case, the first magnetic layer



In reference to FIG 4, the inductive thin fil mnagnetic conversion

elenment 2 is a wite elenent whereas the MRthin filmconversion el enent 3

is a read el enent. The inductive thin fil mmgnetic conversion

el ement 2, which constitutes the witggelement, is provided with a | ower
magnetic film21 that al so functions as an upper shield filmfor the M
thin filmconversion elenent 3, an upper nmagnetic film 22, a coil film 23,
the gap film24 constituted of alunmina or the like, an insulating film25
constituted of &Alomgughcis elaced achacent t\tbleakppr filmaRd angressentialky fil m
26 constituted of alumna or the like. The front end portions of the |ower
magnetic fil m 2defingg the thisknesagebtthe fgapm B2 preventaditizonhebeapmingol e
tip P1 and the upper pole tip P2 which face opposite each other across

the gap film 24Weth andergbraged. thergbyesachighing wtable ielectromagnetic

12 performed at the |ower pole tip P1 and the upper pole tip P2. The

yol ked- por t i ons CORVERHONoRRATARIGRISEICS: fi | m 21 and the upper magnet ic film
22 are linked to each other so that tPe conplete a nmagnetic circuit at
the back gap portion CRNFYIEEALIORO %somap@f%ﬁ@émgcpﬁom%sesmlw% tip

P1 and the uppeL, pgroedlgclzep this type of thin film magnetic head, it is desirable

to provide the first magnetic layer 221 and the second magnetic
layer 222 over the entirety of the upper magnetiq__ film 22. In
addition, although not shown in the figure, the groove structure
illustrated in FIGS. 1 to 4 may be adopted.
In FIG. 7, the same reference numbers are assigned to
components that are identical to those in FIG. 6, the structure
i and shape of the grooves 4 and 5 are identical to those employed
in the embodiment shown in FIG. 6. What differentiates this
embodiment from the embodiment shown in FIG. 6 is that the
lower pole tip Pl at the lower magnetic film 211, too, is
constituted by laminating a first magnetic layer 211 and a second
magnetic layer 212. The inaterials for the first magnetic layer
211 and the second magnetic layer 212 are selected to ensure
that they achieve a relationship identical to that between the
first magnetic layer 221 and the second magnetic layer 222 at
the upper pole tip P2. Although not shown, the groove structure
illustrated in FIGS. 1 to 4 may be adopted.
FIG. 8 is an enlarged perspective of a thin film magnetic
conversion element 2 in another embodiment of the thin film
magnetic head according to the present invention. In the figure,

the same reference numbers are assigned to the components that



P2. The coil film23 is fornmed in such a manner that it winds around the
“linking area of the yol ked portions in a coil, on the insulating film 25.
The two ends of the coil film23 are electrically continuous to the bunps
27 and 28 (see FIG 1). The nunber of jgoils and the nunber of |ayers of
the coil film23 are arbitrary. Various filmstructures have been
di scl osed and put into practical use that may constitute the MR conversion
el enents 3. They inhclude, for_instance, a structure that eggloys an

ani sotropi ¢ magAEe oidentical \to dherenthewnsin (i bitopdr aard sheier dptaited t he
one of these st FEPIIAEORelp DEAKERSh! Shel Areeies fh a5en® MATERNORUITRIOR
thin filmconversion elenent 3.is_. positioned inside an insulating film 32
bet ween the | owdhesiivETd m%glil?ﬁlslflgﬁdihhén oﬂg YRRfe L4t BB i ¥h
ol o0, UnetonS B HASCHRRTo Boe bbig RIS Flis D o2, mube
51 SOMeCt 20,0 BT A Bk e ok Lk AL S
prov . 19, PP LA ol v Mooyl 21 and and' e way
through the upper magnetic film 22. With this, a groove 4 with
a width W1, a length L1 and a maximum depth hl and a groove
5 with a width W2, a length L2 and a maximum depth h2 are
achieved.
The groove 4 is formed in such a manner that its third
surface 43 is provided at a position away from the gap film 24
by a distance L11 and a pole tip thickness of L12 remains to
the rear of the third surface 43 at the lower pole tip Pl. In
addition, it is formed to ensure that at the upper pole tip P2,
the first surface 41 ends at a position that is away from the
gap film 24 by a distance L13 with a pole tip thickness of L14
remaining to the front of it.
The groove 5 is formed in such a manner that its third
surface 53 is provided at a position away from the gap film 24
by a distance L21 and a pole tip thickness of L22 remains to
the rear of the third. surface 53 at the lower pole tip Pl. In
addition, it is formed to ensure that at the upper pole tip P2,
the first surface 51 ends at a position that is away from the
gap film 24 by a distance L23 with a pole tip thickness of L24

remaining to the front of it.

It goes without saying that advantages similar to those



13 tip P1 and the upper pole tip P2 in the direction (bl) is essentially
" defined by the grooves 4 and 5. Alternatively, a structure in which the
width WO in the direction (bl) of at least one of either the |ower pole
tip P1 and the upper pole tip P2, i.e.;y only the lower pole tip P1, is
essentially defined by the grooves 4 and 5 may be adopted. _ The
grooves 4 and 5 partially cut into the lower magnetic film21 in the

direction of its thicknegss which is taken in the _direction (al), and also
cut into the upf& épj the jembodiment shewa iacFl@h bita s areiashie¥ed over

It ti . 1 ‘,nrfe ence to Fl ,.1n which the sane

IrefS e(ragnlztrae Lﬁzggpst% & lﬁ'ﬁ’é‘gs tlivlué‘@"@ﬁ@fgéﬁt é‘iqgaﬁ targ G%‘?ﬁaif 'llé’aﬁpﬁ?)l_{%se
in FIGS. 1to 4. rgoves. 4 .and ach include three aces i rst
!szrface 41 of tHB §?§%v l?ofiémﬁﬁgi ¢ iHesRecliys a‘(‘,ré‘it&?atw 1 b@%‘lggrwfsz a&ﬁaw y
hal | I tdhe dj regti o al) and jn. th diregtjo romthe
o mum dept b ALY &Gk 5 Al yaim Rt deptha gL ke p%.fh@ U FostFRace
42, which rises fremone .of, the |lateral . sides of the. first surfac :
ext ends al ong tﬁfe“%n(ﬁli ?’e@?go%et( Q&?.S%&ﬂ?'hgv thgys My be Eilféféger{]:pﬁf‘?rarrﬁﬁﬁé_
rear end of th th&st surface 41 with its maxi mumdepth at hl. Wth this,
the groove 4 wth@awdth W, a length L1 and a naxi num

As shown in F IG. 9, a focussed ion beam FIB is irradiated
from a focussed ion beam apparatus 6 onto areas where the
grooves 4 and 5 are to be formed on the air bearing surface
13 or 14 of the thin film magnetic head. The focussed ion beam
FIB is scanned in the direction (al) and the direction (bl) on
the air bearing surface 13 or 14 to achieve the required shape,
depth and the like of the grooves. The depth of the grooves 4
and 5 thus achieved can be adjusted by controlling the scanning
speed, the accelerating voltage or the beam current of the
focussed ion beam. For instance, if the scanning speed of the
focussed ion beam FIB is constant, the depths of the grooves 4
and 5 can be controlled so that they will satisfy the requirements
of the present invention by adjusting the accelerating voltage
or the beam current. If the accelerating voltage or the beam
current is constant, the scanning speed of the focussed ion beam
FIB is controlled. The scanning speed, the accelerating voltage
or the beam current of the focussed ion beam may be adjusted
with ease by employing a focussed ion beam apparatus that is
provided with a program function.

Next, the advantages of the thin film magnetic head

according to the present invention are explained in specific terms
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bol o t1p P2, and 5 sedifir nQyet 1 PRIFERSI PrAlro et | G R cllhe 51
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used for comparison. The structure of the thin film magnetic
conversion element is as shown in FIG. 4. A groove 4 is provided
with 5 surfaces 41 to 45. The first surface 41 constitutes the
bottom surface, which extends almost parallel to thé air bearing
surface 13 or 14. The second surface 42 through the fifth surface
45 constitute wall surfaces that are perpendicular to the first
surface 41. The thickness of the lower magnetic film 21, which
also constitutes the upper shield film, is set at 3.5 u m with the
thickness of the upper magnetic film 22 also set at 3.5 u m. The
thickness of the gap film 24 is set at 0.4 x m. The focussed ion
beam machining illustrated in FIG. 9 was performed on the lower
pole tip Pl of the lower magnetic film 21 and the upper pole
tip P2 of the upper magnetic film 22 described above. The
focussed ion beam machining was performed with the accelerating
voltage at 40kV, the beam current at 5nA and the beam diameter

at 0.02 4 m. The dimensions of the grooves 4 and 5 thus achieved

are as follows:

Wl =W2 =3um
L1 =12 =6um
hi= hZ2=1um
Lill = L21 =2um
L12 = 122 = 15 um



material characteristics of the first magnetic layer fromthe material
characteristics of the second magnetic |ayer. For instance, the
saturation magnetization of the first magnetic |ayer 221 nay be sel ected
at a value that is greater than the sauration nmagnetization of the second
magnetic |ayer 222. By doing this, the high frequency recording
characteristics can be inproved. As another means for inproving the high
frequency recording 03& acti stics, setting the specific resistance of
the first magnetic |a %#%%&er than the specific resistance of the
second magnetic |ayer 222 also proves effective. It is also_
effective to ensure that the |evel of resistance agai nst wear and abrasi on

of the first magnetic layer 221 is |&Il‘: er tha e resistance agai nst wear
and abrasion of the second magnetic Fhr?ﬁfé this case, the first
magnetic | ayer

adj acent to the gap f fWﬁ ﬂogﬁase‘gsaé’rﬂ |5aFP9wndéIF]I§I&S tzﬁéot ﬁh}yfﬁ%lsfz’rg’lfe%tcﬁg

ol ect romagnet o cBnJBPL Do RapRBRLY HeRds StReRkse THERAETH AL T ©

the manuf apt uri ﬁ%aﬁ{pcigefosfe&oﬁ@érqgﬁg When formmg the grooves 4 and 5, the
accelerating voltage and the beam current at the focussed ion
beam apparatus 6 illustrated in FIG. 9 were gradually shifted
from 40kV — 50nA to 0OkV — OnA. The scanning speed of the
focussed ion beam FIB was maintained at a constant level. The
‘volumes of the grooves 4 and 5 thus achieved are approximately
50 9% of those in Example for Comparison. The dimensions of the
grooves 14 and 5 are the same as those in Example for
Comparison.

(Embodiment 2)
The grooves 4 and 5 shown in FIG. 5 were formed in
a thin film magnetic head otherwise identical to that in Example
for Comparison. The grooves 4 and 5 were machined under
conditions that were identical to those employed in Embodiment
1. The volumes of the grooves 4 and 5 thus achieved are
approximately 25 % of those in Example for Comparison. The
dimensions of the grooves -4 and 5 are the same as those in
Example for Comparison. “
Contact Start Stop (hereafter referred to as CSS) tests

were performed on the thin film magnetic heads in Example for
Comparison and in Embodiments 1 and 2 described above, and

Table I lists the state of the resulting dust adhesion and the



to produce this type of thin filmmagnetic head, it is desirable to

- provide the first magnetic | ayer 221 and the second nagnetic |ayer 222
over the entirety of the upper magnetic film22. In addition, although not
shown in the figure, the groove structuwe illustrated in FIGS. 1 to 4 may
be adopt ed. In FIG 7, the sane reference nunbers are assigned to
conponents that are identical to those in FIG 6, the structure and shape

of the grooves 4 and 5 are identical to those enpl pye i n_the enhodijrent
shown in FIG 6NWRRET ik o[ i gV6les hitkat o IS nBﬁPij%fP%%ﬁe“&%odit nt
shown in FIG 6 is that the, lower pqQle tip Pl at .the |ower ,magneti G.film
211, too, is cONSHFPMAGNYGF | SARKSITAD FPTASITINIIRetPE Fager 11 dia
second nmagnetic Iaégf 2%2. Tge nateria%ﬁgfor the first nmagnetic |ayer 211
and the second rRBEBEHE P&IS, begarmg, Unsihlet eq to ensure that they achieve
a relationship identical to that between the first magnetic |ayer 221 and
the second nagnetic |ayer 222 at the upper pole tip P2. Al though not

shown, the groove structure illustrat ed.fqi ﬁl FIIGS. 1 to 4 may be adopt ed.
FIG 8 is an enlarged perspective of at PR i'l m magneti c conversion

element 2 in another enbodinment of the thin film magnetic head according
to the present ijnvention. In the|fi gWinger of 0SS sARE at @hRhance nunbers arje
assigned to the|conponents that characteristics started to become unstable
Minimum Maximum Average Dust
(cycles) (cycles) (cycles) adhesion
Example for Comparison 3000 6000 4500 yes
Embodiment 1 50000 or more [ 50000 or more | 50000 or more no
Embodiment 2 50000 or more | 50000 or more| 50000 or more no

As is clear from Table I, while the number of CSS cycles

i at which the characteristics became unstable averages 4500 in
Example for Comparison, a significant improvement is achieved

in Embodiments 1 and 2 according to the present invention, at

50000 cycles or more. In addition, although dust adhesion was
observed in Example for Comparison, no dust adhesion was

observed in Embodiments 1 and 2.

(Embodiment 3)

In the thin film magnetic head shown in FIG. 6, the first
magnetic layer 221 of the upper magnetic film 22 is constituted
of FeZrN (Bs = 15kG, Hv = 1500, o= 100 Q) formed through
sputtering, having a film thickness of 0.5 x m, and the second
magnetic layer 222 is constituted of a NiFe film (Bs = 9.0kG,
Hv = 250, p= 254Q) with a film thickness of 3.0 4 m, which

is formed through plating. Both the saturation magnetization Bs



16 are identical to those showmn in FIGS. 1 to 4 and their detailed
explanation is omtted. The grooves 4 and 5 partially cut into the | ower
magnetic film 21 and the upper nagnetic film22 in the direction of the

t hi ckness which is taken in the directepn (al). In other words, the
grooves 4 and 5 are nmade to begin part way through the |ower magnetic film
21 and end part way through the upper magnetic film22. Wth this, a

groove 4 with g wigdth W,..a length L1 and a paxi mum depth hl and a groove
5with a width \"}@,&/I ﬂxq éﬁ‘a?lﬁl%ﬁe%%@n&erré%? BRI ptth t@? §Fii magnetiedayer

The groove 4 is rped in ch a manner that i1ts third surface 43 is
provi ded at a p%éftﬁq{la%aﬂf’r 8ﬁ?‘?‘?’fg @Qﬁnpﬁpni@f?r E'?&a di stance L11 and a
pole tip thickness of L12 remains to the rear of the third surface 43 at
the lower pole tip P1. In addition, it is formed to ensure that at the

upper pole tip P2, the first surfaced4l, ends at position that is away
fromthe gap film24 by a distance L(ﬁrgb%i'%ergt pf@le tip thickness of L1 4

remai ning to the fronty,0fnd tiyin £ . gr e is forged- R, such a

manner that its third Insfcjl'rlé éﬂclgl gélnllsm%é:ggﬁug_ek%%gt _ngo‘ﬁi‘sﬂ iFgﬁ;' ;v\gg}eflr‘%‘?rt he

gap film24  bynplictiAtfif 221h38% tPAhGrl | Behfal 165 thal it 22 bETRLLs: ¢ ©
3. The lpwer magnetic film 21, too, is structured identically to

the upper magnetic film 22.

(Example for comparison 2)

A thin film magnetic head which has grooves structured
identically to those in embodiment 3 and 4 but employs a single
— layer structure for botfl the lower magnetic film 21 and the
upper magnetic film 22 (the thin film magnetic head shown in
FIG. 5) was prepared,

High frequency recording characteristics tests were
performed on the thin film magnetic heads in Embodiments 3
and 4 and Example for Comparison 2. Magnetic disks with Hc
= 2500 Oe and tBr = 80G u were used in the tests. The magnetic
disks were rotated at 7200rpm. The thin film magnetic heads
were operated at a flying height of 50nm with the recording

current applied at 40mA,-p. The resulting D50 (KFCI) are listed
in Table II.



the rear of the third surface 53 at the lower pole tip P1L. In addition,

it is fornmed to ensure that at the upper pole tip P2, the first surface 51
-ends at a position that is away fromthe gap film24 by a distance L23
with a pole tip thickness of L24 renmaizning to the front of it. It
goes w thout saying that advantages simlar to those

17 achieved in the enbodi nrent shown in FIGS. 1 to 4 are achieved in the
enbodi ments illustrated in FIGS. 5 to ﬁ. qufrally speaki ng, in each

enbodi nent, the respective widths W a abb@, |l engths L1 and L2 and maxi num
depths hl and h2 of the two grooves 4 and 5 are set the sane, but they nmay
be different fromeach |other. As shown IpsoFkfen 9, @ fogtussed ion
beam FIB is irradiated | froma focussed ion beam apparatus 6 onto areas
where the grooves 4 anfpan@fkCot @olfuritar #ed on the gpr bearing gurface 13
or 14 of the thin filmpagnetic head— The focussed ton beam—FlB is scanned
in the direction (al) apembddgnedi Becti on (b[l) on thesoair bearing surface 13
or 14 to achieve the refutrred—shape—depth—and—the—++ke—of—the] grooves.

The depth of the groovepEmbodiment 4 160

As indicated in Table II, the high frequency recording
characteristics are improved with the magnetic film with a
saturation magnetization Bs and a specific resistance—' formed in
the area that comes in contact with the gap film 24. The
materials t_hat are suited for constituting the first magnetic layers
211 and 221 that come in contact with the gap film 24 include
FeCo, FeCoNi, FeMN, FeMC (M= Ta, Hf, Mo, W, B, Si, Al) and
amorphous magnetic material as well as those employed in
Embodiments 3 and 4.

In the structure shown in FIG. 8, the volumes of the
grooves 4 and 5 can be reduced to a great degree. For instance,
when the dimensions of the grooves 4 and 5 in FIG. 8 are set
as follows within a feasible range :

Wl = W2 =3um
Ll = L2 = 24pum
hl = h2 =1gm
L1l =121 =2um
L13 = 123 = 15um

The volumes can be reduced to approximately 1,6 of
those of the grooves 4 and 5 with the dimensions set in Example

for Comparison 1, further improving productivity.



and 5 thus achi eved can be adjusted by controlling the scanning speed, the
accel erating voltage or the beamcurrent of the focussed ion beam For

i nstance, if the scanning speed of the focussed ion beamFIB is constant,
the depths of the grooves 4 and 5 canzbe controlled so that they wll
satisfy the requirenents of the present invention by adjusting the

accel erating voltage or the bean1current If the accelerating voltage or

T SR R
?Hﬁlct?%/i)ﬂg a foc&t‘gego %‘ﬁ Hed ‘é%%%ﬁsugr%/rﬁac?u?g provided with a program
accordi nQ to the (Bi\lg ﬁt Eﬁﬁbgd]ﬁ? I%l%gﬁétlg B%%fnl%lg%ﬂsl:o{e%ﬁ%&%lﬁma%r
(1ExarrlpIneC?(r)nr)arI %%g?ﬁl&sﬁc}% %‘%&8&1&8{9&&?3& §8€ﬁten| arla’egr%%l} s‘f)aeltl:ltel y/véﬂcljf

ngdt hin film rgaqﬁghl ﬁe&?&é’e&s'p%cfsh&?‘%@t pp&l}itdeﬁf‘ of athin filmmgnetic

(b) A thin film magnetic head with grooves for essentially
defining the track width formed to have a shape that does not
allow dust to accumulate is provided.

(o) A thin film magnetic head in which the groo;es described
above can be formed within a short length of machining time

is provided.



.used for conparison. The structure of the thin filmmgnetic conversion
elenment is as shown in FIG 4. A groove 4 is provided wth 5 surfaces 41
to 45. The first surface 41 constitutes the bottom surface, which extends

al nost paral l’"ﬂ ir bearing sueface 13 or 14. The second surface 42
t hrough the ” ;{1 constltute wal | surfaces that are
per pendi cul ar to‘th urface 41. The thickness of the | ower magnetic

film21, which also constl’tutes t he uppﬁg&mﬂ%d film is set at 3.5
[errImwith the thickness of the upper film22 also set at 3.5

focussed 1on  beam machi i 0t R0e: Paptic B BBBEY of med on the
"t T rhors 4 RSP b Bl SO P
e 71 s DELIPBRY, Wi BT HEOA T8 Ay g 0, < bean
(he 5y goves 4 and S Uy gt B, e ALFim magpele pypikeyr) ™
[errlm bikfnént-@) prdvideli®bhl &id slider (1), having a pole tip (P1, P2)
emerging at said air bearing surface (13, 14), wherein :
the width (W0) of said pole tip (Pl, P2) in the direction
(bl) of tracks on said.medium and perpendicular to the direction
(al) of the movement of said medium, is essentially defined by
grooves (4, 5) formed in said air bearing surface (13, 14) ; and
'said grooves (4, 5) become gradually shallower along said
direction (al) of said movement of said medium until the bottom
surface of said grooves (4, 5) reaches the level of said air bearing
surface (13, 14).
2. A thin film magnetic head according to claim 1,
wherein :
said grooves are provided at either side of said pole tip
in said direction of said tracks.
3. A thin film magnetic head according to claim 1,
wherein :
said inductive thin film magnetic conversion element is
provided with a thin film magnetic circuit that includes a lower
magnetic film, an upper magnetic film and a coil film ;
said lower magnetic film and said upper magnetic film
respectively are provided with a lower pole tip and an upper

pole tip that face opposite each other across a gap film; and



19 WO = 1.0 [err]m ( Embodi ment 1)
The grooves 4 and 5 shown in FIGS. 1 to 3 were fornmed in athin film

magnetic h ' m tical to that in Exanple for Conparison. Wen
form ng thg “g;‘ I“ﬂﬁlu _the acceberating voltage and the beam current
at the focussed 1 6n "beam™apparatus 6 illustrated in FIG 9 were gradually

shifted from 40kV - 50nA to OkV - OnA. The scanning speed of the focussed
i on beam FI B was nmai nt ai ned, af a.constant |evel. Th vol umes of the |,
grooves 4 and 5 thus ddf diEEhapE alhpess ﬁﬂ;?’@?"ysalgo?%"% ROl§sER PTEREIDI €
for Conparison. The dinensj,ons of the..grooves, 4 and 5 are,the sane.as
those in Exanpl 8PP§F PBYHpYHP; S}Hn.sa‘1$ dirdction of said’ tracﬁs( Eﬁrb?ﬁfieﬁﬁ]rﬂlﬁ?)
The grooves 4 aag D ah&wn in,FIG 5 were formed in a thin filmmagnetic
head ot herwi se CASREACAY 584 H&EOI¥eSExanpl e for Conparison. The grooves 4
and 5 were machi ned unger ndi {4, ons_that were identical to,thgose engl oyed
T Enbodi ment 1 The Forhmdaibs T BRBGTHE. Aot SRS o o gLy B

approxi mately 25 .% %Lréthose i n Exanpl e for Conparison. The dinmensions of
the grooves 4 a &u—%r é the sane as those in

the width of said lower pole tip in said direction of said
tracks is essentially defined by said grooves.

5. A thin film magnetic head according to claim 3,
wherein :

the width of said lower pole tip and said upper pole tip
in said direction of said tracks is essentially defined by said
grooves.

6. A thin film magnetic head according to claim 3,
wherein :

said grooves partially cut into said lower magnetic film
and said upper magnetic film in the direction of the thickness
thereof, which is taken in said direction of the movement of said
medium, crossing said upper magnetic film in the direction of
the thickness thereof.

7. A thin film magnetic head according to claim 3,
wherein :

said grooves partially cut into said lower magnetic film
and said upper magnetic film in the direction of the thickness
thereof which is taken in said direction of said movement of said
medium.

8. A thin film magnetic head according to claim 3,

wherein :



.Exanpl e for Conpari son. Contact Start Stop (hereafter referred to
as CSS) tests were perforned on the thin film mgnetic heads in Exanple
for Conparison and in Enbodi nents 1 and 2 descri bed above, and Table I
lists the state of the resulting dust aghesion and the

20 nunber of CSS cycles that were inplenented until the electromagnetic
conversion characteristics of each thin film nagnetic head becane

unst abl e. Tabl e |
Nunber of CSS cycles a2t igpeh gigher said lower magnetm filme 108y S8i%r PBPPE S
started to becone unsta

bl.e
Average ~  Dustmagnetic tjﬂm is provided Wlf(lby;*)ciflé‘§§ mag@(;,’réq: (Tgyer ’\{%@gﬁqrggsj
adhesi on Exanpl.e for Compayjs 3000
yes  Enbodi mentilgcontact 5@650 sgid ngaR @é@’o@torsaﬁg rolgpbiny %‘Fdn%r gecond,
Enbodi ment 2 50Q 0 or re.50000 or 0 or Je no
As is clear frorﬂla%%qlﬁ ay ”?"1“5“??1@ Qﬁﬁgr Q}ﬁ %ﬁ% n? Cat@¥#h chaRfle
char acter i sti cs becare, unstabl.g ayerages 4300, Lg ST S

si gni fi cant i nprovenent™ g“&
from material characteristics of said second magnetic layer.

9. A thin film magnetic head according to claim 8,
wherein :

the saturation magnetization of said first magnetic layer
is greater than the saturation magnetization of said second
magnetic layer.

10. A thin film magnetic head according to claim 8,
- wherein :

the specific resistance of said first magnetic layer is
greater than the specific resistance of said second magnetic layer.

11. A thin film magnetic head according to claim 8§,
wherein :

resistance against wear and abrasion of said first
magnetic layer is greater than resistance against wear and
abrasion of said second magnetic layer.

12. A thin film magnetic head according to any one of
claims 1 through 11, further comprising :

a thin film magnetic conversion element utilizing
magnetoresistance.

13. A thin film magnetic head according to any one of
claims 1 through 12, wherein :

said grooves each include four surfaces,

0 ) IIIH Hl!l H llll



.i-n" Enbodi nents 1 and 2 according to the present invention, at 50000 cycles
or nore. In addition, although dust adhesion was observed in Exanple for
Conpari son, no dust adhesion was observed in Enbodinents 1 and 2.

(Enbodi ment 3) In the thin fibkm magnetic head shown in FIG 6, the
first magnetic |layer 221 of the upper magnetic film22 is constituted of
FeZrN (Bs = 15kG Hv = 1500, p 100 [err] Q forrred t hrough sputtering,

having a film thickness_of 0. [err dth ond magpeti.c | ayer 222
is constituted of a NigFeliF$l mymace b“‘m‘?é] 8@ ap _mgﬁnf,g”s C&i t h

2a€ Llr th It ghcﬁggﬁgﬁl}%}gf Icgq;JtES xlelg%we to sala fa%[ n%galtqrr]lrgou&? fgl at 'gr%g h t he

specific resistance are ater,in the,fi.rst gnetic,layer |n

t he second magng??‘lmﬁﬁ ggré along said direction 90F 'said ' AV Eh%édo&m%&d
Inthethinfilmﬁ netic head shown in FIG 7, the upper magnetlcfllm22
has a structure™%ehHtt tal to that in enbodi rrent 3. The I ower magnetic film

21, too, is structur eda is%%ghhcghkflacteo and a third surface thereof rise from

either side of said first surface in said direction of said tracks,
extending along said direction of said movement of said medium ;
and

a fourth surface thereof rises up from the r;arward side
of said first surface in the direction opposite from said direction
of said movement of said medium.

14. A thin film magnetic head according to any one of
claims 1 through 12, wherein :

said grooves each include three surfaces ;

a first surface thereof constitutes an inclined surface
whose depth relative to said air bearing surface gradually
becomes smaller along said direction of said movement of said
medium ;

a second surface thereof rises from said first surface at
a lateral side that is adjacent to said pole tips, extending along
said direction of said movement of said medium; and

a third surface thereof rises up from the rearward side
of said first surface in the direction opposite from said direction
of said movement of said medium.

15. A method of manufacturing a thin film magnetic head

according to any one of claims 1 through 14, wherein :

said grooves are formed with a focussed ion beam.

RO O



.thé upper magnetic film 22. (Exanpl e for conparison

- 2) A thin filmmgnetic head which has grooves structured
identically to those in enbodinment 3 and 4 but enploys a single - |ayer
structure for both the | ower magnetic 1 m 21 and the upper nmagnetic film
22 (the thin fil mnmagnetic head shown in FIG 5) was prepared,

H gh frequency recordi ng characteristics tests were perfornmed on the thin

filmmagnetic heads in Enbodi S a l.e for Conparison 2.
Magnetic disks with Ho = D504 %ﬁth MAé%ﬁﬁgﬁ re used in the
tests. The magnetic disks were rotated at 7200rpm The thin filmnmagnetic
heads were operated at a flying height of 50nmwth the recording current

applied at 40mAlerr]. The resulting D5 are listed in Table II.
22 rabl'e 1 ABSTRACT

D50 (kFA) %aﬁ%eer Eﬂr isc%%gfdeﬁogviﬁl air lg‘éla(%mg surfaces (13 and
14) at the side that faces opposite the medium. Inductive thin
film magnetic conversion elements (2) are each provided with pole
tips (P1 and P2) which emerge at the air bearing surfaces (13
and 14). The width (W0) of the pole tips (P1 and P2) in the
direction (bl) of the tracks, which is perpendicular to ;he direction
(al) of the movement of the medium, is essentially defined by
grooves (4 and 5) formed at the air bearing surface (13 and 14).
The grooves (4 and 5) gradually become shallower along the
direction (al) of the movement of the medium until their bottom

surfaces reach the level of the air bearing surfaces (13 and 14).

Fig. 2



b1
EnBodi ment 3 150 Enbodi ment 4 160
As indicated in Table Il, the high frequency recording characteristics are
improved with the nagnetic filmwith a saturation nagnetization Bs and a
specific resistance forned in the area that cones in contact with the gap
film24. The materials that are suited for constituting the first nmagnetic
| ayers 211 and 221 that cone in conta tﬁMtrlthe gap film 24 include
FeCo, FeCoN, FeMN, FeMC (M = Ta, Hf, , W B, Si, Al) and anorphous
magnetic material as well as those enployed in Enbodinents 3 and 4.
In the structure shown in FIG 8, the volunmes of the grooves 4 and 5 can
be reduced to a great degree. For instance, when the dinensions of the
grooves 4 and 5 in FI 8 as follows within a feasible range W
=W 3 [err]m L A h2 1 [err] m L11 = L21
=2 [err]m L13 h1—H The vol unes can be reduced to
approximately 1/6 g d 5 with the dinensions set
in Exanple. for Conparj




23 As has been expl ai ned, according to the present invention, the
foll ow ng advantages are achieved. (a) A thin filmmgnetic head in
which the track width for recording or reproduction can be set at a very
smal | value with a high degree of precision is provided. (b) A thin
filmmagnetic head with grooves for essentially defining the track width
formed to have a shape that does not ablgw dust to accunulate is provided.
(c) A thin filmmagnetic head in which the grooves described above can
be formed within a short length of machining time is provided.

CLAI M5 1. Athin filmmagﬁi&r hgad conpri si ng: a slider
(1) having an air bearing surfac 13, 14) at one side thereof, that faces
opposite a medium and 1 "~ ——=gf—=FEPast _Pne inductive thin filmnmagnetic

conver si on
b1

3

' & 24
2 2%

11 or 12

- 31
X

FIG. 2




el ement (2) provided on said slider (1), having a pole tip (P1, P2)
energing at said air bearing surface (13, 14), wherein: the width
(WD of said pole tip (P1, P2) in the direction (bl) of tracks on said
medi um and perpendicular to the direction (al) of the novenment of said
medium is essentially defined by grooves (4, 5) forned in said air
bearing surface (13, 14) ; and 8daird grooves (4, 5) becone gradually
shal l ower along said direction (al) of said novenent of said medi umuntil
the bottom surface of said grooves (4, 5) reaches the level of said air

‘bearing surface (13, 14). 2. Athin filmmagnetic head according
to claiml1, wherein: sai d grooves are provided at either side of
said pole tip in said directyon of said tracks. 3. Athin film
magneti ¢ head according to claiml, wherein: said inductive thin
filmmagnetic conversion elengnt is provided with a thin filmnmagnetic
circuit that includes a Io&g;/\ 1y i an upper magnetic filmand a
coil film sai d | owef At XASfai d upper magnetic film
respectively are provided mﬁééS\ \ b£g$§Ed an upper pole tip that
face opposite each other acrgg \//$K' ' QARENY
/§ é\:\ \\:\\ R
%§é:‘:§ N \\:\\\\ —20
24 :, %/\\::\'\h \\\\ \\\ ~d
INYRR NN\
ANNZNN
32 /:,4\\:\/\::\§: . \\\ '——22
\,7’4,?\“:2\\\§~ N \
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31 t"\\\\%\\\ \~ . \\\ \
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the wwdth of at least either said lower pole tip or said upper pole tip in
said direction of said tracks is essentially defined by said grooves.

4. Athin fil mmagnetic head according to claim3, wherein: t he
width of said lower pole tip in said direction of said tracks is
essentially defined by said grooves. 5. Athin filmmagnetic head
according to claim3, wherein the wwdth of said |ower pole tip and
said upper pole tip in said direction 87 7said tracks is essentially
defined by said grooves. 6. Athin filmnmagnetic head according to
claim3, wherein: said grooves partially cut_ into said |ower

Zection of the
venent of
g ion of the

magnetic film and said upper maghetic fipmi
t hi ckness thereof, which is taken in sai
said nedium crossing said upper magneti
t hi ckness t hereof. 7 i
3,
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wherein . said grooves partially cut into said |l ower magnetic film
and sai d- upper nmagnetic filmin the direction of the thickness thereof
which is taken in said direction of said novenent of said nedium

8. Athin filmmgnetic head according to claim3, wherein

26 at least either said | ower magnetic filmor said upper
magnetic filmis provided with a first gggnetic |layer that cones in
contact with said gap filmat said pole tip and a second nagnetic |ayer

| am nated onto said first nmagnetic |ayer; and mat eri al
characteristics of said first magnetic layer differ frommaterial
characteristics of said second magnetic | ayer. [219. Athin film
magneti ¢ head according to claim 8, mheregg:hZf/”n/, tlpg saturation
is)bgsa?b. 4 he saturation
: -y B A thin film

magneti zation of said first hetg c | ayer
magneti zation of said secopq netichlay
magneti ¢ head accordi ng to chAl . b »

L FIG. 8
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the specific resistance of said first magnetic layer is greater than the

specific resistance of said second nagnetic |ayer. 11. Athin film
magneti ¢ head according to claim8, wherein: resi stance agai nst
wear and abrasion of said first nagnetic |layer is greater than resistance
agai nst wear and abrasion of said second magnetic | ayer. 12. A
thin fil mmagnetic head according to anywsame of clains 1 through 11,
further conpri sing: a thin fil mnmagnetic conversion el ement
utilizing nagnetoresistance. 13. Athin filmnmgnetic head
according to any one of <clains 1 through 12, wherein: sai d grooves
each include four surfaces 27 a
first surface thereof constitutes an ynclijned||surface whose depth relative
to said air bearing surface gradually| bedo smal l er along said direction
of said novenent of said nmedium als d surface and a third
surface thereof rise from

13 or 14

FIG. 9
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either side of said first surface in said direction of said tracks,
extending along said direction of said novenent of said nedium and

a fourth surface thereof rises up fromthe rearward side of said first
surface in the direction opposite fromsaid direction of said novenent of

sai d medi um 14. A thin filmmgnetic head according to any one of
clainms 1 through 12, wherein: sayd grooves each include three
surfaces a first surface thereof constitutes an inclined surface
whose depth relative to said air bearing surface gradually becones snaller
al ong-said direction of said novenent of said medium a second

surface thereof rises fromsaid first surface at a lateral side that is

adj acent to said pol e Bjipg endi n said direction of said

noverment of said medi umlazné@ﬁ dé)ggnﬁh%hiqro&‘ SHPRELIBRBr eof rises up from
the rearward side of said first surface in the direction opposite from

said direction of said novenent of said nedium 15. A nethod of
manufacturing a thin filmmagnetic he g achrding to any one of clains 1
t hrough 14, wherein: said groBves re formed with a focussed ion
beam 11 or 12
L22
hy | T2
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